The banded drum, Larimus fasciatus Holbrook, although frequently encountered along the southeastern United States, is one of the less abundant and less studied of the Sciaenidae. It occurs as far north as Massachusetts, but is most abundant in nearshore oceanic waters from Chesapeake Bay to southeastern Florida and along the northern Gulf of Mexico from Florida to Mexico (Chao, 1978) . Larimus fasciatus seldom grows larger than 160 mm (Chao, 1978) and has little commercial or recreational value except that it was reported in the North Carolina (Wolff, 1972) and Gu If of Mexico (Gutherz et a!., 1975) industrial fisheries.
Data on the biology of L. fasciatus are limited. Hildebrand and Cable (1934) reported spawning, growth, and juvenile descriptions in North Carolina, and Powles (1980) described larvae and spawning areas and season in the South Atlantic Bight. Feeding habits were briefly examined by Welsh and Breder (1923) and Chao and Musick (1977) . Ross (1984) described the reproductive biology 19 of banded drum in North Carolina. The most detailed published study documents age, growth, reproduction, and distribution of L. fasciatus in the northwestern Gulf of Mexico (Standard and Chittenden, 1984) .
This study describes the following aspects of L. fasciatus life history in North Carolina: (1) ages determined by length-frequencies, scales, and otoliths, 2) growth, 3) mortality, 4) weight-length relationship, and 5) standard length-total length relationship.
METHODS
Most banded drum were collected in the ocean 4-6 km off the mouth of the Cape Fear River, North Carolina in depths of 4-14 m (Figure 1 ). The bottom was flat with sediments of fine sand and mud. Hydrography was heavily influenced by discharge from the Cape Fear River (Ross, 1978) . This area was sampled weekly from September 1975 through September 1976, except monthly samples were taken during January and June through August. Each sample consisted of repetitive (4-12) 30 min trawls with a 12.4 m semi-balloon otter trawl of 3.85 em stretched mesh during daylight hours. Additional specimens were collected from September 1975 through September 1976 during twice monthly, daylight sampling between Beaufort Inlet and Cape Lookout, North Carolina (Figure 1 ), except there was no sampling in December and only monthly sampling in January and February. Repetitive trawls in this area using the above described gear and tow times sampled the flat, sand bottom in a depth range of 2-12 m. Specimens were also collected by trawl near Cape Hatteras (9-17 m depth) in November and December 1975 and April1976 by the North Carolina Division of Marine Fisheries (Figure 1 ).
Most Larimus fasciatus were initially preserved in 10% formalin and later stored in 40% isopropanol. Irregularly, subsamples of banded drum to be aged by otoliths were frozen to pre-vent damage to otoliths by formalin. Total length (TL) and standard length (SL) were measured to the nearest mm. Body weights were recorded to the nearest 0.1 g.
Scales were removed from the left side between the lateral line and the first dorsal fin, placed in envelopes and dried until analysis. Using stratified subsampling (Ketchen, 1950; Ricker, 1975) I aged up to 25 fish from each 10 mm SL group. Six scales from each fish were cleaned, mounted wet between microscope slides, and projected by an Eberbach projector at a magnification of 63X. Distances to marks and overall scale sizes were measured on one representative, unregenerated scale along an axis from the focus to the middle of the anterior field. Marks were recognized by standard criteria (Bagenal and Tesch, 1978; Everhart and Youngs, 1981) : cutting over of circuli in the lateral field, crowding of circuli in the anterior field, placement of secondary radii relative to anterior field circuli, and consistency of these characteristics among the six scales examined per fish. Most scales were read at least twice.
Left sag ittae were removed from 117 frozen fish and stored in 100% glycerin. Since marks were not apparent externally, otoliths were cut in half sagitally, mounted dry and observed with reflected I ight under a microscope at 15X magnification. Measurements were made along an axis from the outer edge of the focus to the center of the medial edge. Otolith marks appeared as narrow, dark, opaque rings between wide, translucent bands. Since the otolith sample size was small and restricted to 7 months, otolith data were used for supporting age assignments from other \ methods and not for growth or mortality analyses.
Banded drum were aged through Age, growth, and mortality of banded drum 21 their first year using length-frequencies (Petersen method, Bagenal and Tesch, 1978) . Since cohorts within a year class usually could not be distinguished, June, the chronological mid-point of the spawning season (Ross, 1984) , was used as a birth date when fish were assigned to the next highest age class. Scale and some otolith analyses supplemented length-frequency aging of young-of-theyear and yearling banded drum. Older fish which were not abundant in all months were aged with scales and otoliths, and age assignments for these fish were based on the number of hard part marks, marginal increment spacing, back-calculated size at last mark formation, and size comparisons to monthly length-frequencies. Geometric mean regressions of fish SL on scale size did not intercept the origin; therefore, the positive intercept of the SL axis was used as a correction factor in the direct proportion method of back-calculating size at time of mark formation (Everhart and Youngs, 1981) . Growth was modeled with the von Bertalanffy theoretical growth curve (Ricker, 1975) fitted to back-calcu Ia ted lengths (scale data) at age (time) using nonlinear regression (Vaughan and Kanciruk, 1982) .
Total instantaneous mortality rate (Z) was derived from a catch curve (Robson and Chapman, 1961; Gulland, 1983) based on the total sample. Age class percentages of fish aged by scales and length-frequencies were used to calculate the total number of fish of each age by 10 mm group. Total annual mortality rate (A) equaled 1-e-z.
RESULTS

Age Detennination
The 1975 year class dominated the samples as young-of-the-year from September 1975 previous year class (Figure 2 ). Banded drum year classes prior to 1975 were more difficult to age. I considered the fish between 100-150 mm in November (Figure 2 Figure 2 ). I expected scales and otoliths from these fish to have one mark with a large marginal increment. However, only 35% of the scale-aged fish (n = 20) in November (100-150 mm) had such a mark. Seventy-two percent of the otolith aged fish in this group had 1 mark (n = 29), but there was only a 35% agreement in mark formation between fish aged with both hard parts (n = 17). Apparently many fish in this group did not form a mark the first year, especially on scales. No banded drum between 100-150 mm in November had scales or otoliths with more than 1 mark, and all hard parts with annuli exhibited large marginal increments consistent with the hypothesis that marks were annual and formed the previous spring.
Yearlings of the 1974 year class became increasingly difficult to separate from older and younger fish in the lengthfrequencies ( Figure 2} , and were difficult to age with hard parts because some fish were missing a first annulus. By June these fish were 2 year olds, having 1 or 2 scale marks. Most June banded drum ~ 130 mm with 1 scale mark (n = 8) had back-calculated sizes much larger than those expected for one year old fish from the 1975 year class. I considered these fish to be part of the group not forming a first annulus, thus, their single mark was a second year annulus. All aged fish ~ 130 mm SL from June through September 1976 had at least 1 mark on scales and otoliths. There was no indication that banded drum missed forming marks other than the first.
Aging banded drum relied increasingly on hard parts for larger fish. Individuals that were probably more than 1 year old did not occur in all months, and when present, were not abundant. This and the tendency for length-frequency modes to converge in older fish complicated age class determination by the Petersen method. Banded drum> 156 mm SL were most evident in January, April, and JulySeptember 1976 ( Figure 2 ) and all had 2-4 scale or otolith marks. Many of these banded drum appeared not to have formed a first annulus. The first observed mark was considered the second annulus if the fish exhibited the mark a large distance from the focus and had a back-calculated SL to this mark much larger than expected for fish~ 1 year old. Forty-four percent of the banded drum ~ 150 mm aged by scales appeared not to have formed a first mark.
The major problem with aging banded drum by hard parts was determining if marks formed only once a year. The evidence indicated that if a mark was formed during the first 1 or 2 years, it was an annual event occurring in the spring (Figure 3 , Table 1 ). Although the minimum mean scale marginal increment of banded drum with 2-4 marks was also during April and was followed by a much larger June increment, the small monthly sample sizes and a lack of 2-4 mark fish in 5 months did not allow conclusive determination that marks 2-4 were annuli. Since the number of marks increased with increasing fish length, since otolith and scale readings from the same fish were usually similar (78% (Figure 2) . The weighted mean size at first annulus formation (April-May) was 75.2 mm SL (Table 3) . Mean lengths at annulus formation for ages 2-4 were 145.4, 161.8, and 170.8 mm, respectively, coinciding with a single April lengthfrequency group (Table 3, Figure 2 ). The mean back-calculated sizes at ages 1-4 (Table 3) were similar regardless of the age class from which they were calculated. A slight trend toward reverse Lee's phenomenon (Ricker, 1975) was evi- 
Growth
Observed and calculated growth increments for scale aged fish varied most from each other in ages 0-2. Empirical annual growth increments were 0-1, 52.1 mm; 1-2,29.8 mm; 2-3, 16.0; and 3-4, 7.0 mm (Table 3) . Mean annual growth increments from back-calculated length at age data (Table 3 ) indicated rapid growth in the first year with an increment of 75.2 mm. Mean annual growth increments were also large in age class 2, 70.2 mm, but were greatly reduced by age classes 3, increment of 16.4 mm, and 4, increment of 9 mm (Table 3) . Annual instantaneous growth rates (G) (as opposed to population growth presented above, Ricker, 1975) calculated from scale aged individual fish declined with increasing age (Table 4) .
The von Bertalanffy growth equation based on mean weighted backcalculated SLs for ages 1-4 was:
This growth model (Figure 4 ) predicted that banded drum reached sizes of 132 mm, 161 mm, 172 mm, and 176 mm at ages 1-4, respectively. The calculated theoretical maximum SL, 178 mm, was very close to the largest banded drum observed (182 mm). Banded drum reached 74% of the theoretical maximum size by age 1, 90% by age 2, 97% by age 3, and 99% by age 4.
Growth curves plotted from von Bertalanffy, observed, and backcalculated data agreed closely except during the first 1.5 years. Mean observed lengths of 1 year olds were larger than the back-calculated lengths because of rapid growth of June-August fish. The seasonal growth curve (Figure 4) , scale increment changes (Figure 3) , and the monthly change in length-frequency peaks (Figure 2) , indicated that the fastest growth was in young fish during spring and summer. Growth rate slowed the most after age 2 (Figure 4 ).
Mortality
Larimus fasciatus appeared to be fully vulnerable to the collection gear in this study at all sizes > 25 mm SL.
Mortality rates exhibited very little difference between sexes ( Figure 5 ). Overall instantaneous mortality rate (Z) was 1.44 Table 5 . Expanded frequency distribution of banded drum age classes by sex and 10 mm size interval derived from scale aged fish, September 1975-September 1976. M = male, F = female, and T = total.
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Weight-length and standard length-total length relationships
The relationship between SL and weight (W) for all banded drum was: 
DISCUSSION
This study is the only known attempt to age banded drum with hard parts. Standard and Chittenden (1984) used length-frequencies. Although the first scale mark can be validated as an annulus, succeeding marks cannot be conclusively validated as annuli. The highly recommended annulus validation procedure of mark-recapture (Beamish and McFarlane, 1983} is very difficult to use for most marine fishes. Since banded drum are relatively rare and not directly targeted in a fishery, the markrecapture technique is nearly impossible. Aging techniques applied in this study are most useful during initial fast growth (Beamish and McFarlane, 1983) , which includes most of the banded drum life span.
Noteworthy complications in aging banded drum were: 1) general rarity of Age, growth, and mortality of banded drum 27 specimens in most months, 2) lack of larger fish with more than one scale or otolith mark in many months, 3) fast growth and the long spawning season, and 4) failure in some fish to form a first annulus. Lack of first annulus formation is not unexpected in a fast growing, temperate fish, but it is difficult to detect without several years of sampling to follow all year classes (Buchholz and Carlander, 1963) . Length-frequency analysis as recommended by Carlander (1974) and Bagenal and Tesch (1978) and comparison of observed sizes to back· calculated lengths at first marks helped resolve the degree of first mark failure. It would be difficult to more adequately treat the first two problems listed above. Thirteen months of intensive sampling along the North Carolina coast (see Methods) produced 2808 L. fasciatus. Preliminary sampling during 1973 and 1974 in the Cape Fear area (using same methods and effort as described here) yielded only 678 small banded drum (Ross, 1978) . Rare species such as banded drum are always difficult to age regardless of the aging technique.
Rapid growth especially in the first year is characteristic of most sciaenids (e.g. Pacheco, 1962; Schaefer, 1965; Mercer, 1983) . My results agree with the suggestion of Hildebrand and Cable (1934) that banded drum grew rapidly their first year, possibly attaining 120·125 mm TL ( = 94-98 mm SL). Their proposed age 1 length is similar to the 1975 year class June modal length presented here (Figure 2 ) and the mean age 1 length in September-October (106-'1 17 mm SL) from the northwestern Gulf of Mexico (Standard and Chittenden, 1984) . The von Bertalanffy growth coefficients from North Carolina (K = 0.98) and Texas (1.15·1.34, Standard and Chittenden, 1984) indicated that banded drum reached maximum size early in life (Pauly, 1980) . Calculated growth rates published for other sciaenids vary, but are generally lower than those of L.
fasciatus (Table 6 ). The von Bertalanffy K may be inversely correlated with trophic patterns (i.e. lower trophic position fish have high K values) (Grimes, 1978; Johnson, 1983; Mason and Manooch, 1985) , and L. fasciatus, feeding on small crustaceans (Ross, 1978) , seems to conform to this view. However, correlation of K values and trophic level, if any, may be indirect. The herbivore Brevoortia tyrannus exhibits K values of 0.20-0.484 (Henry, 1971; Reintjes, 1969) , while the piscivores Pomatomus saltatrix (Lassiter, 1962) , Scomberomorus caval/a (Johnson eta/., 1983) , and Prionace glauca (Cailliet eta/., 1983) Sciaenidae generally display moderate longevity (Table 6) with Larimus fasciatus, Leiostomus xanthurus (Pacheco, 1962 ; DeVries ms. 1 ), Cynoscion nothus (DeVries and Chittenden, 1982) , and Stet/iter lanceolatus (Thomas, 1971) at the lower end of the longevity scale.
There are numerous differences in the L. fasciatus population structure between North Carolina (this study) and the northwestern Gulf of Mexico (Standard and Chittenden, 1984 (Standard and Chittenden, 1984) . The trend of larger, older specimens of many species to be more abundant in the north central Gulf (Gutherz and Thompson, 1977; Standard and Chittenden, 1984 ) is similar to the United States east coast pattern where the largest and oldest individuals of several warm-temperate species such as Micropogonias undulatus, Leiostomus xanthurus, and Cynoscion regalis occur abundantly from middle North Carolina to New Jersey (Gunter, 1950; Wilk, 1981) . South of this area to Cape Canaveral, FL these species are most abundant as juveniles and yearlings. Banded drum are commonly caught as a by-catch in nearshore trawling operations in the South Atlantic Bight (Bullis and Thompson, 1965; Anderson, 1968; Keiser, 1976) . Although there are no directed fisheries for this relatively rare species, fishing mortality may be a significant part of the total annual mortality rate during the nearshore shrimping season, approximately AprilDecember (Keiser, 1977) , and the offshore winter trawl season, NovemberApril (Pearson, 1932; pers. obs.) .
